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Abstract— This paper presents several experiments on sound source localization. They are based on monau-
ral click presented at different interclick intervals (ICI1), from 10to 100 ms. Trains of clicks were presented to
10 healthy subjects. At short interclick intervals the clicks were perceived as a blur of clicks having a buzzy
quality. Moreover, itwas proven that the accurateness in the response improves with the increase ofthe length
of ICI. The present results imply the usefulness ofthe interclick interval in estimating the perceptual accuracy.
An important benefit of this task is that this enables a careful examination of the sound source perception
threshold. This allows detecting, localizing and dividing with a high accuracy the sounds in the environment.
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Sound source localization is an important func-
tion for humans [1, 2]. Two main factors ofbinaural
cues such as interaural time and intensity difference
facilitate the sound source localization in the hori-
zontal plane [3, 4] According to the duplex theory,
these two factors provide the main inform ation about
lateral position ofthe sound source [5]. However, in
conditions involving multiple brief sounds and far
distances, the precision of the sound localization is
reduced [6], the subjects mislocalize the sounds, per-
ceiving them as traveling from one position to
another.

In the present study, the performances ofthe audi-
tory localization task across a broad range ofinter-
click intervals IC Is were examined, reaching the con-
clusion that the correct response increases when the
length ofthe ICIs increase.

Two factors were varied: the interclick intervals
(ICIs) (10, 12, 25, 50 and 100 ms) and the sound
complexity.

A click of 5 ms duration with Above Audition has
been generated. Figure 1 is a picture of the consid-
ered click. The X axis represents the time scale in sec-
onds and the signal speed of 29.97 fps. In order to
achieve the objective of the proposed study, two
experiments have been carried out. In the first case,
the generated click with duration of 5 ms has been
used as spatial sound and in the second case, the click
has been multiplied by six, forming a train of clicks
with a duration of 30 ms.

1The text was submitted by the authors in English.
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The click has been spatialized by using Head
Related Transfer Function (HRTF). It is known
that the HRTF is very important for sound local-
ization, because it expresses the sound pressure at
the listeners eardrum over the whole frequency
range (see Fig. 2). In the present study, the HRTFs
were generated at 80dB at a frequency 0f44100 Hz
and processed by a computer for the frontal plane
for the distance of 2 m with azimuth of64° (32° at
the left side of the user and 32° at the right side of
the user).

In the experiments the spatial click were pre-
sented randomly in pairs Left-Right and Right-Left,
delivered using M atlab version 7.0, on an Acerlaptop
computer. Figure 2 shows the schem atic presentation
ofthe sound: (a) shows the monaural click in which,
the click come from L —)» R and R —) L randomly
varying ICls; (b) shows the train ofclicks, where the
presentation procedure is the same as for the single


mailto:ladu@upv.es

PERCEPTION OF THE SOUND SOURCE POSITION

Fig. 2. HRTF coordinates presentation, where the hL(t)
and hR(t) represent, respectively, the Lead-related impulse
response HRIR at the eardrum for the sound source x(t) at
each ear, leftxL(t) and right xR(t). The xL(t) andxR(t) could
be calculated using the convolution integral xL(f) =
JhL(O/?x(t —%Poand xR(t) = IhRYx(t —%dPs where T is
the delay.

click, the sound come fromL —)» Rand R —) L ran-
domly varying IClIs. In both cases the experiment
begins with various exercises where the subjects are
able to listen the clicks and train of clicks by sepa-
rately the left one after that the right one, the com bi-
nation L —)» R and R —) L. In this experiment par-
ticipate ten non-paid volunteers, 4 females and
6 males, age range 27—40 years, average 33.5, allwith
PhD students and professors. Each subject reported
to have normal hearing. A ll ofthem were supposed to
other acoustical experiments with computer and
acoustical mobility devices. The subjects were sup-
posed to listen through headphones, HD 201 model,
twelve pairs ofsounds, six pairs ofsingle clicks and six
pairs oftrains ofclicks Left-Right and Right-Left at
different ICIs from 100 to 10 ms in a decreasing suc-
cession. Between each two consecutive pair ofclicks,
the decision time Td was computed; this was the time
needed for evaluating the sound (see Fig. 3). The
subjects were asked what they listened, the number
and the provenience ofthe listened sound and also if
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there was any difference between them. The subjects
where allowed to repeat them, if necessary, after they
had evaluated the perceived position for each click
with Left, Right and possible Centre. Once the sub-
ject had selected a response, a next pair ofclicks was
presented. Each trial lasted approximately 2 min.
The average time per subject was around 35 min.

Besides, there were some distraction cues as: envi-
ronmental noises, draw away seeing or listening
someone, since the subject remained with opened
eyes. Because of this reason, the subjects were
allowed to make judgements about the source loca-
tion independently.

The main response of the data for all subjects is
presented in Fig. 4. The perception ofthe single and
train ofclicks and the perceived position ofthe sound
pairs Left-Right and Right-Left were analyzed. Both
factors as well as were the interaction with the ICIs
were significant.

Figure 4 shows that the perception of the sound
source position decreaseswhen IC Is does. For avoid-
ing errors the tests results were registered up to an IC |
of 10 ms. Because IC | was enough short, the clicks
were perceived as a single entity moving from one ear
to another or from one ear to the centre having a
buzzing quality.

In the case of the single pair of clicks at ICI| of
12 ms, because the length ofthe clicks and the length
ofthe IC | were too short, the subjects could not dis-
tinguish clearly the clicks corresponding to the pairs
Left-Right and Right-Left.

When comparing the perception of the single
clicks with the perception of the train of clicks a
great continuity of the sound position across almost
the entire range of ICIs was detected. In other
words, the perception of the sound position was
stronger for the train ofclicks and extended to short
ICIs (100—10 ms). This effect may be a result of the
better localization associated with the sound. In

1stleft  1stright 2nd right  2nd left 6th left  6th right
click click click click click click
ingle monaural click
3 0 0 0 1 Single monaural clic
<ICl, Td Jici, <ICl,

st left train
of clicks

Istright train
of clicks

ici, Td

6th riight train
of clicks

6th left train

of clicks i A
Train of six monaural

clicks

ici,

Fig. 3. Schematic presentation ofthe sound. In both situations the click is of 5ms. In the first case, the click has been listened at
different interclick intervals 1CI separated by a decision time Td. In the second case, the click has been substituted by a train of

six clicks.
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Fig. 4. Mean estimation of the click location. (a) Repre-
sents the perception ofthe single click and the perception
of the train of clicks at 0° (center) at different ICls;
b) shows the click perception at —30° (left side) and +30°
right side); (c) correspondsto the train of click perception at
—30° (left side) and +30° (right side).

general, these sounds would be perceived from other
sound.

For ICIs of25 to 10 ms, the subjects perceive the
Right-Left pair of sounds with a higher precision
than that ofpairs Left-Right forsingle click and train
ofclicks.

In other case, for ICIs 0f50 ms, the perception of
the pair ofsingle clicks Right-Left is higher than the
perception ofthe pair Left-Right. In the case of the
train of clicks, the perception results are equivalent
for both pairs Left-Right and Right-Left.

CONCLUSION

W hen trying to explain the sound source percep-
tion threshold, we perceive the perception ofthe sal-
tation illusion. With short ICIs a blur of clicks were
perceived, in contrast with the individual clicks at
longer ICIs. As the psychologist Gestalt noted, the
perceptual system scrambles for the simplest inter-
pretation ofthe complex stim ulipresented in the real
world. Therefore, the studies were based on analyzing
and proving that, grouping the clicks, the sound
source is better perceived and localized. For longer
ICIs, this procedure is not too much important, as
each click can be identified and localized.

The present results demonstrate the usefulness of
the interclick interval in estimating the perceptual
accuracy. A possible benefit of this task is enabling a
careful examination of the sound source perception
threshold. This allows detecting, localizing and
dividing with a high accuracy the sounds in the envi-
ronment.
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